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ABSTRACT

HEALING FOLLOWING PERIODONTAL RECONSTRUCTIVE
SURGERY. SURGICAL IMPLANTATION OF COLLAGEN MATRIX
OR DEMINERALIZED FREEZE-DRIED BONE ALLOGRAFT:
A PRECLINICAL AND A CLINICAL STUDY

Seong Yong Choi

Healing following periodontal reconstructive surgery including surgical
implantation of a collagen matrix or demineralized freezed-dried bone allograft(DFDBA)
was evaluated in a preclinical(coUagen) and a clinical(DFDBA)study.

Contralateral periodontal fenestration defects in 7 beagle dogs were used to evaluate
the effect of a collagen matrix on periodontal healing. The defects(6x4 mm)were created
through the buccal cortical plates of the maxillary canine teeth following elevation of

mucoperiosteal flaps. The collagen was fitted to the defects on one side, while contralateral
defects served as controls. Raps were repositioned and sutured. Dogs were sacrificed 4
weeks after surgery and block sections including teeth and surrounding structures were

prepared for histometric analysis. No meaningful differences in cementum and bone
regeneration were observed between treatments. There was seemingly more bone

regeneration and significantly more cementum regeneration in the apical than in the coronal
aspect of the defects. Root resorption was observed in one collagen and one control defect.
Ankylosis was not observed. The results suggest that the maxillary canine periodontal
fenestration defect can be used as a model to evaluate factors that may enhance cementum

and bone regeneration. The collagen matrix neither enhanced nor inhibited periodontal
healing in this model.

Clinical healing following periodontal reconstructive surgery including wound

closure supported by an expanded polytetrafluoroethylene(ePTFE) membrane with or
without DFDBA was evaluated in 20 intrabony defects. Ten intrabony defects, one in each

of 10 patients, were treated with reconstructive surgery including the ePTFE membrane
with DFDBA. Another 10 defects, one in each of 10 other patients, received the ePTFE

membrane alone. A postsurgical protocol emphasizing wound stabilization and infection
control was used. Healing was evaluated 6 months postsurgery. Both groups exhibited
similar presurgical probing and defect depths. For the ePTFE with DFDBA group,

presurgical probing and defect depths averaged 7.9±1.8 and 8.3±1.6 mm,respectively.
Probing depth reduction following therapy approximated 2.8±2.5 mm,clinical attachment
gain 2.1±2.8 mm,defect bone fill 1.5+1.9 mm,and gingival recession increase
0.7±1.5 mm. For the ePTFE group, presurgical probing and defect depths averaged
7.2±1.1 and 6.3±1.9 mm,respectively. Probing depth reduction following therapy
approximated 3.7+1.2 mm,clinical attachment gain 1.8±2.1 mm,defect bone fill
1.7±2.1 mm,and gingival recession increase 1.9±1.4 mm. Probing depth reduction,
clinical attachment gain, and defect bone fill were statistically significant compared to
baseline for both treatment groups. No significant differences were found between groups

for the clinical parameters except for a significant difference in probing depth reduction at

defect adjacent sites. The addition of DFDBA to the membrane procedure did not appear to
enhance periodontal healing beyond that achieved by the membrane alone in the treatment
of intrabony defects.

It may be concluded that, within the limitations of this studies, neither the collagen
matrix nor the DFDBA-implant significantly influenced periodontal healing.
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CHAPTER 1
INTRODUCTION
EFFECT OF A COLLAGEN MATRIX ON HEALING IN
PERIODONTAL FENESTRATION DEFECTS IN DOGS.
A PRECLINICAL STUDY

Periodontal fenestration defects have been used to study the potential of implant
materials, root surface biomodification and extracellular matrix factors to augment

periodontal healing(Nyman et al. 1982a, Nalbandian & Hellden 1982,Petterson & Aukhil
1986, Aukhil et al. 1986, Aukhil & Petterson 1987, Caton et al. 1987, Knox & Aukhil

1988, Selvig et al. 1988). Partial cell exclusion by barrier membranes over the fenestration
may enhance cementum and bone formation in this type defects(Nyman et al. 1982a,
Nalbandian & Hellden 1982, Caton et al. 1987), whereas additional root surface

conditioning with citric acid reportedly will delay and compromise healing (Petterson &
Aukhil 1986, Aukhil & Petterson 1987).

The usefulness of extracellular matrix proteins or growth factors to enhance

periodontal regeneration has been suggested (Terrenova & Wikesjo 1987). Several
experimental models have subsequently been used to evaluate the effect of biologic

response modifiers in periodontal wound healing (for review see Wikesjo et al. 1992a).
However, genuine effects of treatments have usually been difficult to estimate due to

variability within and between the defect models. A simplified model such as the
periodontal fenestration defect may therefore be useful in evaluating the effects of such
factors.

Collagens in several forms have been used extensively to support dento-alveolar
wound healing (Del Balso & Adrian 1976, Gross et al. 1980, Levy et al. 1981,

Blumenthal 1985, Blumenthal et al. 1986,Deporter et al. 1988, Mattsson et al. 1990, Stein
et al. 1985, Mannai et al. 1986, Yaffe et al. 1984, Yaffe & Shoshan 1987, Minabe et al.

1989,Pitara et al. 1987, Pitaru et al. 1988, Tanner et al. 1988, Blumenthal 1988, Minabe
et al. 1989, Kodama et al. 1989, Minabe et al. 1989,Pitaru et al. 1989,Pfeifer et al. 1989,

Blumenthal & Steinberg 1990, Chung et al. 1990, Bell & Beime 1988, Nery et al. 1990,
Moore et al. 1990,Doll et al. 1990). They include collagen gels(DelBalso & Adrian 1976,
Gross et al. 1980,Levy et al. 1981, Blumenthal 1985, Blumenthal et al. 1986, Deporter

et al. 1988, Blumenthal & Steinberg 1990), paste (Mattsson et al. 1990), sponges (Stein
et al. 1985, Mannai et al. 1986), solutions (Yaffe et al. 1984, Yaffe & Shoshan 1987,
Minabe et al. 1989)and membranes (Pitaru et al. 1987, Pitaru et al. 1988, Tanner et al.
1988, Blumenthal 1988, Minabe et al. 1989, Kodama et al. 1989, Minabe et al. 1989,

Pitara et al. 1989,Pfeifer et al. 1989, Blumenthal & Steinberg 1990, Chung et al. 1990).
For periodontal purposes, collagen configurations have included barriers for guided tissue
regeneration (Pitara et al. 1987,Pitara et al. 1988, Tanner et al. 1988, Blumenthal 1988,
Minabe et al. 1989, Kodama et al. 1989, Minabe et al. 1989,Pitaru et al. 1989,Pfeifer

et al. 1989, Blumenthal & Steinberg 1990, Chung et al. 1990), matrices for graft or
delivery systems(Blumenthal et al. 1986, Blumenthal & Steinberg 1990, Bell & Beime

1988, Nery et al. 1990, Moore et al. 1990, Doll et al.l990) and sponges for hemostasis
(Stein et al. 1985, Mannai et al. 1986). In the present study we evaluated the effect of a
collagen matrix on periodontal wound healing in maxillary canine periodontal fenestration

defects in dogs.

MATERIAL AND METHODS

Animals and Surgical Procedures
Seven young adult male beagle dogs(approximately 2 years old) with clinically
healthy periodontal tissues were used. Periodontal fenestration defects(6x4 mm)were
created 6 mm apical to the marginal alveolar crest following elevation of buccal

mucoperiosteal flaps in maxillary right and left canine teeth (Figure 1-1). Bone was

removed with burs and chisels under irrigation with sterile saline. Exposed root surfaces
were instrumented with curettes to remove the cementum. A collagen matrix (Helistat®,

Marion Laboratories, Inc. Kansas City, MO)was fitted to one defect in each dog. The
contralateral defect served as control. Mucoperiosteal flaps were then repositioned and

sutured. Treatment conditions were randomly assigned to left and right canine teeth. All
surgical procedures were performed under sodium pentobarbital anesthesia(Nembutal®
Sodium Solution, Abbott Laboratories, North Chicago,IL; 20 mg/kg)following a standard

protocol(Wikesjo 1991). The dogs received lactated Ringer's solution (Lactated Ringer's
Inj,. USP,Abbott Laboratories, North Chicago, IL; 300 ml)intravenously during surgery.
Sutures were removed after 1 week. Postoperative plaque control was maintained by daily

irrigation of the teeth with 2% chlorhexidine(Hibitane®,ICI Ltd, Macclesfield, Great
Britain; 40 ml). The dogs were fed a soft dog food diet(Pedigree®, Kal Kan Foods Inc,

Vemon,CA)supplemented with vitamins(Vet A Mix®,Pet-Form®, Vet-A-Mix Inc,
Shenandoah,lA)throughout the study and they were sacrificed four weeks after surgery

by intravenous injection of concentrated sodium pentobarbital (Wikesjo 1991).
Histologic Procedures

Block sections including teeth and surrounding bone and soft tissues were removed
at sacrifice. Tissue blocks were fixed in 10% buffered formalin, decalcified in 5% formic

acid, trimmed, dehydrated and embedded in paraffin. Serial sections,7 p.m thick, were
cut in a buccal-lingual direction throughout the mesial-distal extension of the teeth. Every
14th section was stained with hematoxylin and eosin allowing for observations at an

interval of approximately 100 |J,m. The three most central stained step-serial sections of
the mid-portion of the 6 mm wide defects were used for histometric analysis. Recordings
were performed using a light microscope (American Optical, Buffalo, NY)mounted with a
calibrated ocular grid. The following recordings were made for each defect (Figure 1-2):
Defect height: the distance between the apical and coronal defect margin.

Coronal bone regeneration: the distance between the coronal defect margin and the
apical extension of newly formed alveolar bone continuous with this margin.
Apical bone regeneration: the distance between the apical defect margin and the

coronal extension of newly formed alveolar bone continuous with this margin.
Isolated bone regeneration: the coronal-apical length of isolated new bone formation
not connecting with apical or coronal bone.

Coronal cementum regeneration: the distance between the coronal defect margin and

the apical extension of newly formed cementum continuous with this margin.
Apical cementum regeneration: the distance between the apical defect margin and the
coronal extension of newly formed cementum continuous with this margin.
Isolated cementum regeneration: the coronal-apical length of isolated new cementum
formation not connecting with apical or coronal cementum.

Data Analysis

Dog means for each parameter were calculated using selected step-serial sections.
Differences between group means for treatments and between coronal and apical bone or

cementum regeneration for each treatment were analyzed using Student's t-test for paired
observations(N = 7). Additionally, frequencies of teeth presenting with root resorption or
ankylosis were calculated.
RESULTS

Clinical and histological observations
Clinical healing proceeded uneventfully. Light microscopy observations revealed
variable amounts of new cementum or a connective tissue of variable cell density directly

interfacing the defect surface without obvious remnants of the collagen. The cementum

and newly formed bone extended from the coronal and the apical defect borders. Usually,
the cementum appeared thicker at the borders to become progressively thinner towards the

defect center(Figure 1-3). Islands of cementum and bone were occasionally observed in
the defect center. Some defects did not exhibit any cementum or bone regeneration; others
exhibited complete regeneration.

Small lacunae indicative of root resorption, without visible multinuclear cells, were
observed in one collagen treated defect and in one control. Ankylosis was not observed.

Histometric observations

Apical-coronal height of the fenestration defect and extent of cementum and bone
regeneration are shown in Table 1-1. No significant differences were found between
treatments. Bone regeneration appeared enhanced in the apical aspect of the defects.
Cementum regeneration was significantly enhanced in the apical compared to the coronal
aspects. This observation was confirmed for both treatments.

DISCUSSION

Healing in the presence or absence of a collagen matrix in surgically created
periodontal fenestration defects was evaluated in maxillary canine teeth in beagle dogs.
Cementum and bone regeneration extending from the coronal and the apical defect borders
were observed. No significant differences were found between defects receiving the

collagen and controls. This observation contrasts with a report using this collagen matrix
in circular(3 mm)calvarial defects in rabbits in which defects receiving the collagen

demonstrated complete bone regeneration, whereas control defects exhibited connective

tissue repair. The observed differences between studies may be of interest; the collagen
exhibiting a significant biologic reaction in one wound site and no apparent reaction in the
other.

Cementum and bone regeneration appeared enhanced in the apical aspect of the
defects. This finding suggests a more supportive vascularity at the apical versus coronal

defect border which may need to be considered with the use and interpretation of any

fenestration defect. However,the selected defect size precluded from complete bone and
cementum regeneration over the healing interval. Thus, this defect model appears suitable
for the evaluation of implants, grafts and tissue factors designed to enhance bone and
cementum regeneration.
Isolated islands of new cementum and alveolar bone were occasionally observed in
the central aspect of the defects. This observation may be time dependent. Extended

healing intervals may have resulted in more complete mineralized tissue regeneration. The
isolated islands may represent tissue invaginations from adjacent sites not included in the

analysis. They may be an expression of incomplete maturation of the tissue bridging the
mineralized islands. Thirdly, they may represent non-specific mineralization observed in
wound healing (Wikesjo & Nilveus 1991, Gottlow et al. 1984, Rosenberg 1984).
Isolated cementum deposition has earlier been noted both at teflon membranes(Gottlow
et al. 1984)and at tooth surfaces distant from periodontal ligament tissue progenitor
sources(Wikesjo & Nilveus 1991).

The fenestration wounds were large 6 by 4 mm defects located 6 mm apical to the

alveolar crest. The extreme apical location of the defect site may only be possible in canine
teeth. This secluded location may minimize healing variations from inflammatory
influences at the gingival margin. Variations in defect location and orientation may
critically influence outcome of healing and significantly influence data validity. For
example, degenerative reactions have been observed in the coronal aspect of smaller

fenestration defects closer to the alveolar crest(Nyman et al. 1982a). No such
observations were noted in the present study.
Variability in healing was observed in spite of careful defect site selection and
standardization. The coefficient of variation for the defect height was 11%, while the
coefficient of variation for total bone and total cementum was 71% and 69%,respectively.

This observation must be taken into account with the use of the experimental model. For

the sample of seven dogs, the upper 95% confidence limits for mean and standard

deviation of total bone growth were 2.3 and 2.2 mm,respectively (standard error = 0.83).
With a histometric defect height of 3.5±0.4 mm,only agents that support complete bone
regeneration may be meaningfully evaluated in a reasonable number of animals. A similar
observation is true for cementum regeneration. This limitation has also been observed in

our chronic large supraalveolar periodontal mandibular premolar defect model in the beagle
dog (Wikesjo et al. 1991c).

Comparing collagen and control effect sizes for cementum and bone regeneration,
differences were less than 0.75 giving power less than 50% except for coronal bone (0.78)
and total bone (0.84). Coronal bone and total bone differences had powers of 55% and
60%, respectively, but were not found to be significant. For an implant material, like the
collagen matrix, to be of clinical significance for cementum and bone regeneration, a more
convincing biologic reaction must be observed in the experimental model.
The coUagen matrix neither enhanced nor inhibited periodontal healing. Remnants
of the matrix could not be observed following the relatively short healing interval. This
property may make this collagen a suitable vehicle for application of tissue factors to

periodontal wounds and deserves further study. In a parallel study we show that
1251 labeled insulin-like growth factor I absorbed to this collagen matrix gradually will
desorb over 72 hours in vitro (Sigurdsson et al. 1992). This desorption profile appears
reasonable in perspective of the sequence of biologic events in periodontal wound healing
(Wikesjo et al. 1991b, 1992b).

Healing Following Periodontal Reconstructive Surgery
Including Expanded Polytetrafluoroethylene Membrane
and Demineralized Freeze-Dried Bone Allograft:
A Clinical Study

Seong Choii, Per Nygaard-0stbyi, Georg Tellefseni, Thorarinn J Sigurdssoni,
UlfMEWikesjoi,

lAdvanced Education Program in Periodontics, Loma Linda University,Loma Linda, CA
92350

CHAPTER 2
INTRODUCTION
HEALING FOLLOWING PERIODONTAL

RECONSTRUCTIVE SURGERY

INCLUDING EXPANDED

POLYTETRAFLUOROETHYLENE

MEMBRANE

AND DEMINERALIZED FREEZE-DRIED BONE ALLOGRAFT:
A CLINICAL STUDY

When the fundus of a periodontal lesion is located apically to the alveolar crest, it is
called an intrabony or intraosseous periodontal defect. Various approaches have been

attempted to treat such defects. These include scaling and root planing (Renvert et al.
1985b,Isidor et al. 1985), orthodontic therapy (Brown 1973, Swanson & Rosenberg

1980, Wagenberg et al. 1986, Mihram 1991),flap debridement surgery (Patur & Glickman
1962, Rosling et al. 1976b, Yukna 1984, Blumenthal & Steinberg 1990),flap surgery
with osseous recontouring (Schluger 1949, Ochsenbein 1977),interdental denudation
(Prichard 1977, Smith 1980, Morris & Singh 1988),flap surgery with root biomodification (Cole et al. 1981, Moore et al. 1987, Caffesse et al. 1988a), various bone

replacement grafts (Schallhom 1970, Han 1984, Bowers 1985,1989a, b, Mellonig 1986,
1991), guided tissue regeneration(GTR)(Nyman et al. 1982b, Gottlow et al. 1986), or
any combination of these treatment modalities(Renvert et al. 1985a,Handelsman et al.
1991, Schallhom & McClain 1991, Kersten 1992).

GTR appears to support periodontal regeneration significantly in preclinical and
clinical evaluations(Nyman et al. 1982a, b, 1987, Gottlow et al. 1984,1986, Magnusson
et al. 1985, Becker et al. 1987, 1988, Lekovic et al. 1989,Pitam et al. 1988, Caffesse

et al. 1988b, 1990a, b, 1991, Claffey et al. 1989, Niederman et al. 1989, Cortellini et al.

1990, Chung et al. 1990, Metzler et al. 1991, Brager et al. 1992, Proestakis et al. 1992,
Caton et al. 1992a,Pontoriero et al. 1987, 1988,1989,1992, Haney et al. 1993,

Sigurdsson et al. 1994). Barrier membranes, used for GTR,are thought to prevent
gingival epithelium and connective tissue from intervening with healing from the
periodontal ligament and the alveolar bone(Nyman et al. 1982b, Gottlow et al. 1986).
Another function of the membrane may be to serve as a stress insulator protecting the

fragile tooth-gingival flap interface from wound rupturing forces during the early healing
period (Haney et al. 1993). This concept of wound stabilization appears critical for
successful healing following any periodontal reconstructive protocol(Wikesjo et al. 1992).
Demineralized freeze-dried bone allograft(DFDBA)has been studied extensively in
conjunction with periodontal reconstructive therapy (Sonis et al. 1983, Mellonig 1984,
Werbitt 1987, Bamett et al. 1989, Bowen et al. 1989, Rummelhart 1989, Oreamuno et al.

1990, Mellonig 1991, Meadows et al. 1993). DFDBA supports regeneration in intrabony
periodontal defects, however complete regeneration was not achieved (Bowers et al. 1985,
1989a, b). DFDBA in combination with barrier membranes reportedly enhanced clinical

repair in molar furcation defects as compared to barrier membranes alone (Anderegg et al.
1991). No such evaluation has been reported for intrabony defects. Therefore, the

objective of this study was to clinically evaluate healing in intrabony defects following
periodontal reconstructive surgery including ePTFE membranes with DFDBA compared to
the ePTFE membranes alone.

MATERIAL AND METHODS

Patient and Site Selection

Twenty systemically healthy patients, 8 males and 12females(mean age 54 years;

range 30-70 years), were selected for treatment after informed consent. The patients
exhibited localized or generalized advanced periodontal disease with one or more intrabony
defects. The patients had received oral hygiene instruction, scaling and root planing as
part of a comprehensive periodontal treatment. Patient inclusion was based on the
following criteria after initial therapy was completed: 1) presence of one proximal area with

a residual probing depth of >6 mm,and 2)an associated intrabony defect of > 4 mm deep
as measured during surgery (defects should not be associated with root furrows or
furcation lesions). A total of 20 defects, one per patient, was included for study; 10 defects
received the ePTFE membrane(Gore-Tex® Periodontal Material, W.L. Gore & Associates

Inc., Flagstaff, AZ)with DFDBA (Demineralized Cortical Powder; 250-500|i, Pacific
Coast Tissue Bank,Los Angeles, CA). Another 10 defects received the ePTFE membrane

alone. Every second patient by the order of admission to the study was assigned to the
ePTFE with DFDBA protocol. This study was part of an institutionally approved protocol
in periodontal wound healing in humans.
Experimental Protocol

Mucoperiosteal flaps were reflected around the defect and defect adjacent teeth

following local anesthesia, and sulcular incisions preserving maximum flap tissue for
defect access and optimal coverage at wound closure. Granulation tissue was removed
and the teeth were scaled and root-planed with curettes and ultrasonic sealers. For the
ePTFE with DFDBA treated defects, the membrane was fitted to cover the defect extending

3 mm apically over the adjacent alveolar crest and 1 mm coronally onto the tooth structure.
One side of the membrane was sling-sutured around the defect adjacent tooth with an
ePTFE suture (Gore-Tex® Suture; CV-5, W.L. Gore & Associates Inc., Flagstaff, AZ),

the other side of membrane was raised to place DFDBA (rehydrated in sterile saline) into
the defect, and then sling-sutured around the defect tooth with an ePTFE suture. For the
ePTFE defects, the membrane was fitted and sutured as above without DFDBA. Flaps

were positioned to cover the membranes and sutured with ePTFE sutures. The

postoperative protocol emphasizing wound stabilization and infection control included
tetracycline HCl 250 mg q.i.d. for 3 weeks, a 0.12% chlorhexidine rinse (Peridex®,
Procter & Gamble, Cincinnati, OH)twice daily and cessation of any type mechanical
cleaning in the experimental and adjacent areas for 6 weeks. Gingival sutures were

removed after 3 weeks. Five weeks postsurgery, the teeth were polished and ePTFE
membranes were surgically removed. At this time the internal aspect of the flap were
excised to remove any epithelium and the flaps were readapted and sutured. These sutures
were removed after another week. The patients were exposed to repeated oral hygiene
measures, and they were scaled and polished at 3-month intervals.

Recordings

Periodontal conditions and defect specific recordings were made according to
Table 2-1. Recordings were made by one of three calibrated examiners. The examiners
were blinded as to whether the defect received DFDBA or not. Periodontal conditions were

recorded at 6 sites of the defect associated and the defect adjacent teeth including
mesiobuccal, midbuccal, distobuccal, distolingual, midlingual and mesiolingual sites. Oral
hygiene condition was evaluated using the plaque index (Sillness and Loe 1964). Gingival
health was evaluated using the gingival index (Lde and Sillness 1963). Probing depths and
clinical attachment levels were assessed using a calibrated probe(CP 15 UNC,Hu Friedy,
Chicago,IL)to the nearest full mm. The cemento-enamel junction(CEJ)served as a

reference point for attachment level recordings. Bleeding on probing was determined at the
time of probing depth recordings. Presence of bleeding following retraction of the probe
yielded a positive score. Probing bone level was recorded under local anesthesia. The
probe was forced through the soft tissue toward the bone until definite tissue resistance was
met. The CEJ served as reference point. Gingival recession was recorded from the CEJ
to the gingival margin at the same location as the probing depths. Defect characterization

was performed by the examiner following surgical debridement. A drawing of the defect
was made and the defect was recorded as having 1,2 or 3 walls. The depth of 3-1-2-1-1, 3-1-2
and 3-wall component of the defect was determined by measuring the distance from the
crest to the fundus of the defect from its buccal, interproximal and lingual aspects. The
crest of the interproximal wall was measured from both the buccal and the lingual aspects

and averaged. Radiographs and clinical photographs were taken for the evaluation and
documentation of treatments. Abberrant tissue reaction, membrane exposure, or other

relevant clinical observations related to the experimental protocol were recorded.
Statistical Analysis

Group means and standard deviations were calculated. Differences between

treatment groups were analyzed using Student's t-test for unpaired observations.
Differences between presurgery and 6 month postsurgery conditions within treatment

groups were analyzed using Student's t-test for paired observations.
RESULTS

Clinical Observations

At the 3-week suture removal, the buccal and lingual interdental papilU were

frequently found separated and the membranes exposed. At the 5-week membrane removal
8 out of 10 ePTFE with DFDBA sites and 7 out of 10 ePTFE sites exhibited membrane

exposure. Heahng proceeded uneventfully after membrane removal, however gingival
recession was observed at defect associated and defect adjacent teeth.
Clinical Recordings
Characteristics of defects treated with ePTFE membranes with DFDBA and with

ePTFE membranes alone are shown in Tables 2-2 and 2-3. Mean clinical recordings for

both groups are shown in Tables 2-4, 2-5, and 2-6. For the ePTFE with DFDBA group,
presurgical probing and defect depths averaged 7.9±1.8 and 8.3±1.6 mm,respectively.
F*robing depth reduction following therapy approximated 2.8±2.5 mm,chnical attachment
gain 2.1±2.8 mm,defect bone fill 1.5±1.9 mm,and gingival recession increase
0.7±1.5 mm. For the ePTFE group, presurgical probing and defect depths averaged
7.2±1.1 and 6.3±1.9 mm,respectively. Probing depth reduction following therapy

approximated 3.7±1.2 mm,clinical attachment gain 1.8±2.1 mm,defect bone fill

1.7±2.1 mm,and gingival recession increase 1.9±1.4 mm. Probing depth reduction,
clinical attachment gain, and defect bone fill were statistically significant compared to
presurgery for both treatment groups. Gingival recession increase was statistically
significant at the defect sites for ePTFE group, and at defect adjacent sites and buccal and

lingual aspects of defect teeth for both groups compared to presurgery. Clinical attachment
loss was noted at the defect adjacent sites, and buccal and lingual aspects of the defect
associated and the defect adjacent teeth for both groups. Gingival conditions were
generally improved over the 6-month observation interval, in spite of an increased plaque
index for both groups. No significant differences were found between groups for the

clinical parameters except for a small difference in probing depth reduction at defect
adjacent sites.

DISCUSSION

The present study evaluated healing in intrabony defects following periodontal
reconstmctive surgery including wound closure supported by an ePTFE membrane with or
without DFDBA. There was considerable variability in healing response following either

treatment modality, which appears to be a common finding in this type of clinical trials
(Schallhom & McClain 1988, Anderegg et al. 1991, Kersten et al. 1992). The results
showed that the ePTFE membrane with DFDBA as well as the membrane alone

significantly improved probing depth, clinical attachment level, and defect bone fill at defect
sites, although actual changes were moderate. For sample sizes of 8 or 10 in two

independent treatment groups, the power is approximately 50% for a difference of one
standard deviation to be statistically significant. Difference for clinical parameters in this

study were less than one standard deviation unit and hence power to discriminate on these
clinical parameters was less than 50%. It is noteworthy that mean gingival recession
increase for ePTFE membrane with DFDBA group (0.7 mm)appeared much smaller than

that for ePTFE membrane group (1.9 mm), however the difference was not statistically
significant.
It is apparent that regeneration at the defect site was accompanied by the loss of the
defect adjacent sites probably due to surgical trauma. Probing depth reduction, clinical

attachment loss, and gingival recession were noted at buccal and lingual aspects of the
defect associated and the defect adjacent teeth. This observation parallels those in a
previous study which evaluated the use of ePTFE membranes with or without citric acid
conditioning (Kersten et al. 1992). Similar tissue reactions have also been demonstrated
following gingival flap surgery without membranes(Chamberlain et al. 1985). Both the
studies of Kersten, and of Chamberlain with co-workers demonstrated relatively moderate

improvements at the defect sites as did the present study. In contrast, Handelsman et al.
(1991)treating intrabony defects with ePTFE membranes with or without citric acid

conditioning, and Cortellini et al.(1993a, b)treating intrabony defects with ePTFE
membranes alone demonstrated apparently greater probing depth reduction (5.4 and

5.9 mm,respectively), clinical attachment gain (4.0 and 6.1 mm,respectively), and defect
bone fill (3.8 and 4.3 mm,respectively). Differences in outcome between studies may

relate to defect characteristics including initial defect depths. The present study included a
variety of defect configurations which may have reduced the healing potential (Prichard
1960,Ellegaard & Loe 1971, Selvig et al. 1993). Outcome measures in the present study
also parallel those by Guillemin et al.(1993)comparing ePTFE membranes with DFDBA
to DFDBA alone in intrabony periodontal defects. Again the combined protocol failed to
demonstrate any additional benefits over one of its components.

A six-week postoperative protocol emphasizing wound stabilization and infection
control including cessation of any type mechanical cleaning in the experimental and adjacent

areas and administration of topical and systemic antimicrobials was used(Wikesjo et al.
1992). It appears reasonable to prevent mechanical trauma to the surgical site during early

healing events, because periodontal wounds may not reach sufficient mechanical strength to

resist wound rupturing forces for at least two to three weeks postsurgery (Wikesjo &
Sigurdsson 1994). It is also critical to place the membrane properly over the intrabony
defect, and to obtain the complete flap coverage at wound closure for optimal healing and

periodontal regeneration. Membrane exposure and subsequent infection of the wound site
are common to this type of procedure (Selvig et al. 1992)and may only serve to further

compromise wound maturation (Haney et al. 1993, Sigurdsson et al. 1994), thus it appears
that both local and systemic infection controls are necessary to optimize healing conditions.
However,it is common that complete membrane coverage is difficult to obtain, especially
for the narrow interproximal molar sites. If the ePTFE membrane is not completely
covered at the time of surgery, it will likely not be covered afterwards, since gingival

epithelium does not appear to migrate on this type of substrate (Salonen & Persson 1990,
Grevstad & Leknes 1992). This observation combined with the demonstrated

susceptibility of the wound site to infection may in part explain the variability in healing
response.

An increase of plaque index suggested that the patients' oral hygiene compliance
was deteriorating over the healing period. However, generally improved gingival
conditions suggested that overall oral hygiene standards were improved. Immediate

postsurgical plaque control was optimized through the use of topical antimicrobials and,
furthermore, the critical first three weeks by the systemic antimicrobials. Thus, signs of

unfavorable plaque control may not necessarily explain the overall moderate clinical
improvements.
DFDBA is demonstrated to be osteoinductive (Urist 1965, Urist et al. 1968), and

its role as a space provider, preventing membrane collapse into bony defects, is proven
effective (Wilson 1992, Werbitt 1992, Shanaman 1992). For intrabony periodontal

defects, it may be difficult to demonstrate any added benefit of DFDBA to the membrane
procedure, which may in part be explained by the fact that the ePTFE membrane is stiff

enough to stabilize the wound and provide space to express the regenerative potential of the

defect. Thus, within the limitations of this study, the results suggest that the addition of

DFDBA to the membrane procedure may have limited potential to enhance periodontal

healing beyond that achieved by the membrane alone in the treatment of intrabony defects.

ILLUSTRATIONS

Figure 1-1: Clinical location of the maxillary canine fenestration defect.
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Figure 1-2: Diagram of histometric assessments; OC: old cementum,AC: apical
cementum,IC: isolated cementum, CC: Coronal cementum, OB: old bone, AB: Apical
bone,IB: isolated bone, CB: coronal bone.
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Figure 1-3: Histologic section offenestration
defect treated with collagen. This specimen
exhibited substantial bone and cementum

regeneration from its apical aspect.
Arrowheads indicate apical and coronal defect
borders.

AC: apical cementum, CC: coronal
cementum, AB: apical bone, CB:coronal
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Figure 2-3. Changes at defect sites.
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TABLES

Table 1-1. Healing in Maxillary Canine Periodontal Fenestration Defects with or without
(control) a Collagen Matrix (mean ± s.d. in mm,N = 7).
p-value
Collagen vs. Control

Collagen

Control

Difference

Defect height

3.510.6

3.510.4

0.010.6

0.8345

Coronal bone
Isolated bone

1.110.8
1.210.5
0.110.1

0.410.3
0.910.7
0.110.2

0.610.8
0.310.8
0.110.1

.0852
.3157
.1922

Total bone

2.411.0

1.511.0

0.911.1

0.0683

Coronal cementum

Apical cementum

0.5±0.5t
0.8±0.4t

0.2±0.2$
0.5±0.4$

Isolated cementum

0.3±0.5

0.6±0.8

0.310.5
0.210.4
-0.410.8

0.1266
0.1814
0.3025

Total cementum

1.5±1.2

1.310.9

0.211.3

0.6688

t = 0.0414

$ =0.0155

Apical bone

Table 2-1. Schedule of Recordings
During
Presurgery

Plaque index
Gingival index
Bleeding on probing
Probing depth
Clinical attachment level

Probing bone level
Gingival recession
Defect characterization

Clinical photo

surgery

Post-surgery
3 weeks 5 weeks 3 months 6 months

Table 2-2. Characteristics of Intrabony Defects Treated with ePTFE Membranes with DFDBA
Initial
PD

Patient Site
19D
5M
18M
4D
19D
IID
20D
30D
20M
30M

Mean 1 s.d.

Tooth
Surfaces
Involved

Defect
Circum
ference

(mm)

(°)

Depth of
3+2-waU

Depth of
3-wall

Component Component
(mm)
(mm)

Component
(mm)

120
180
120
180
180
120
120
140
220
90

8.5
6.5
11.0
9.5
7.0
9.0
8.5
6.5
7.0
5.0
7.911.8

Depth of
3+2+1-waU

2.210.6

147141

ePTFE: expanded polytetrafluoroethylene

7.2±1.1

8.311.6

PD: probing depth

M: mesial

6.311.5
D: distal

DFDBA: demineralized freeze-dried bone allograft

Table 2-3. Characteristics of Intrabony Defects Treated with ePTFE Membranes Alone
Initial
PD

Patient Site
20M
6D
13M
21D
12M
20D
31D
31D
30D
8M
Mean 1 s.d.

Tooth
Surfaces
Involved

Defect
Circum
ference

(mm)

(°)

7.5
6.0
8.0
8.0
8.5
7.5
7.0
8.0
6.5
5.0

120
90
90
100
120
90
90
90
120
90

7.211.1

1.510.5

100114

ePTFE: expanded polytetrafluoroethylene

Depth of

Depth of

Depth of

3+2+1-wall

3+2-wall

3-wall

Component
(mm)

Component
(mm)

Component
(mm)

6.311.9

5.511.7

4.511.7

PD: probing depth

M: mesial

D: distal

Table 2-4. Mean Clinical Recordings (±s.d.) for Intrabony Defects Treated with ePTFE
Membrane with DFDBA or ePTFE Membrane Alone

Treatment

Initial

Probing Depth
6 months Change

AL
Change

BL
Change

GR
Change

ePTFE-t-DFDBA
(N = 10)

7.9±1.8 5.1±1.4

2.8±2.5$

2.1±2.8t

1.5±1.9t

-0.7±1.5

ePTFE

7.2±1.1 3.5±1.0

3.7±1.2$

1.8±2.1t

1.7±2.1t

-1.9±1.4t

(N = 10)

Treatment
months

ePTFE-i-DFDBA
(N = 10)
ePTFE

Initial

6 months

Initial

6 months

Initial

0.5±0.7 t 1.7±0.8

0.7±0.7

1.0±0.7

1.010.0

0.510.7

0.810.6

0.810.6

0.910.3

0.810.9

0.910.3

t

0.410.5

(N = 10)

AL: clinical attachment level
iP <0.01

tP ^0.05

BL: probing bone level

GR: gingival recession

Table 2-5. Mean Clinical Recordings (±s.d.) at Defect Adjacent Sites Treated with ePTFE
Membrane with DFDBA or ePTFE Membrane Alone

Probing Depth
6 months Change

Treatment

Initial

ePTFE+DFDBA

3.0+0.6

2.8±0.6

0.210.8

(N = 8)
ePTFE
(N=8)

AL
Change

BL
Change

GR
Change

-0.9±0.6t

-0.411.6

-1.110.7$

-0.111.3

0.411.5

-1.211.0$

t
4.010.8

2.810.5

1.210.8$

Treatment
months

Initial

6 months

Initial

6 months

Initial

6

ePTFE+DFDBA

0.410.5

0.810.7

0.610.7

0.910.6

0.710.5

0.510.5

0.910.6 $ 1.410.7

0.610.5

0.610.5

0.810.5

0.410.5

(N = 8)
ePTFE

(N= 8)

AL: clinical attachment level
$P <0.01

tP <0.05

BL: probing bone level

GR: gingival recession

Table 2-6. Mean Clinical Recordings (±s.d.) at Buccal and Lingual Aspect of Defect Teeth
Treated with ePTFE Membrane with DFDBA or ePTFE Membrane Alone
p

Probing Depth
1+
p Change
Initial
6 months

AL
Change

BL
Change

GR
Change

ePTFE+DFDBA
(N = 10)

3.210.8

3.210.7

0.011.1

-1.110.6$

-0.612.1

-1.110.8$

ePTFE
(N = 10)

3.010.9

2.510.6

0.510.9

-0.611.5

-0.411.5

-1.211.2$

Treatment

Initial

6 months

Initial

6

0.210.3 t 0.610.5

0.510.5

0.910.6

0.310.4

0.510.4

0.110.2 t

0.610.5

0.510.3

0.210.3

0.310.3

Treatment
months

Initial

ePTFE+DFDBA

6 months

(N = 10)
ePTFE

(N = 10)
AL: clinical attachment level

%P <0.01

IF <0.05

BL: probing bone level

GR: gingival recession
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